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CONFIDEhIL

Agmwu htwatqj Vcsk i flattw kuumla kiwi, gm hruqC

ApT -*mil vwts 00-c

MA flfl l ftim a t

*&U at PZfS. SWwlh,

tear Zwanrdmts - A 3fld of the bflnmem
at snawel ChNScaL. am& t2rlwnl fropertl
*a the Zattlesm Wf~lal of . the MAL Nqlb a
Use MAL Stuib Loadt with 9SS~f Is' !61

lb £etsmalme am*a ctSS bflfls xhiksh the Eli3 ftulb 0d&VU

aboxvpoprte ofodto theO sua

t* smchata of ltitlcu baa been 4lmcusae&, atd zsleto& to the sevmurl
jpnptlis hot btheu Sum spib wethe SLAX fluIb lodmt withA iutaefl T6

2' doetla It Is sownv that the tattles zwcants of Us MAL Sgun a4d
with 'UMSSI&'~ tGI Ccoa~ttto attain aL ash hijir to~aste than the pm-
ftsu at the MAL Sqpdb. it isai .1. sow that the best eolt01O 13 the SLAL
fijub 'IOst with wh~dift. &I fl cqcata Is comuccatet in a ash innsr

* ass, be==*ats the press..of aCe soilS ywart~ls. Vales. for tho heat of
* rosotln of each equib charme are calaulateG. sat &etnled.a =pwl al~ An

sanslpla or the p4aline of laidtta of sack squib haa bee no"~.
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iccumirv iniivomiric



COMMiENTIAL1<

Is It Urns repwt.& IW the Awvt~ ' Ul6mw me su~cu tha t~ intat" a
ffrbzg tW - -h V~IA BV U L Wtle too W tvt Uft"* =8 lanltew a~pm-
f1mbt.2 4% at the tim. So XLAI Bg±b ws Omi loMial wlit ONhdfjedu t~
amp.ealtif (maM is hwsiuaftw zewMto ss the NAlftIM. XLA1 81b) 161ek

am zoo% tor-ftlc in the MR. asitter.

2* ft explain the ise4tw of the st&At$ flvtwi twest it mas decide to
IwavstS.le aM oend OSI t SOVnal Cheic~al, ma tam Imato 0bgrewsteges
of the squib Chaves wImobS~ izafle the Iitici of ustwei~ate b7 theI
awubo 2w Items Ust eulm Uwme a.teimlnsd

*a- Amwa.e ~ow.3l per smdb
V. *essee Ohase v.1ot Pw agdb

0. I~tof Usti

3-sg~i 09 6=90MUMS at the MAL Bod-b ohUag an& the 'ihd±fte8. T&1
Chnew,"fi l w~ ainstlu9lfe"T Cotoz

20% 1am.M dOGYaaatle3S
j lbt.UU uK Ilamte 60% Pbtmsalu Cblwate 4C~af (Thiml Tool Mmacal) 35% Cavbom (POWASu~a WOO& Charoaml)20

M1trastarch 5% %

Avrgo ge"i ChareV.e Subm (;mwSa)

Beat of Resactum, Cals/a )b (xerIverimtaf) 734-3 %-06
71=0 TýV, OX joaj:!,Ztol) 8 3100
712am T~q) Ox ezpwlmnatI) 1870 2M2

Areat zvolvaa&, Per MOIA of gas (Oalculatad) P,5.60 78-62
Aseat a'volvad, Wc vole of SnCza 20.05 74.01
Weight Of SOul frv4UCUA, per aquib oiz) 0q86 .03033

*Thin calua.C1ti= la banol oni tho acotual. =log of Oo&oh g"a formea in the
rcactiom~ of Tiblej 3II jird IV.

9
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CONFIPENTIALf
I,

5. achanisw of Z~itims.- fts"awe several necahnisinm by which the
UIitIon of a povaer or explosive ham been eqilained.. A substance cam be
Ignited, by thei. dwoocposition of the Mleoulee, t.ibochmCal. eo4oePOitiam
of the dmlecules as b1 frictimon Or tispctv catal."si, nces2'o Yrationsp
saftic electrioity,, 3peu p maln by other = s wIbch are less signiflout.
Xý.ilcm am best be explaius t.ermaly. Dosen ME Taff" . (3sf A) have shown
that evo the Iebnnia• l ntiation of a solid c liquit sxeivo 6an be o-
plained by the fw~tion of a Lcalil.a hot spot. It appes that iuzltion
takes place vhm an adsequa:oe in-at of r n is evolveI. to decompose a critioa.
"'MMbe1 of Moleules. To Maere th heat prodwd, sevaral ther imh ,icav,
chemical ana pbysioa properties of the XLAI1 Squib an& the "3h6.Itee& MAL Squib
wr measured,=& ca eagre AUl properties sunh an beat capeoit", fim temer-
a'to• bet, of ambustion andl beat of farmttion used. In this report a"- at con-
Etat presure, in order to -- •ulate the actmal firing codition of a squib.
Becayn the XLM Squb and. the M.1f.eC." UMI Btuib uwe fired. Ln a closed. bomb
at constat o0 an& moe aI phwe prehsuere the ocotUn for the increse
in pres•u•me developed by the gaseous products Is Inol"udve. Mhe properties

eaMUred MILon the Mthod. of inasourlng these properties foflus

6. ~~

Sa. P trss

.9 Theo average Increame In Saw vol=* prodwced by iguition of the
""Odfiee jl squib corr'ected to o00 and 760 m preesr is 8.8 j .3 .=/
sqLupb Vwere .3 al is the mtozr& deviation of the man. The average oharg,

. weight is .05W2 S per squib. The results are tabulated In Table I. The
aver Increase in gas vol=* Twoduced, by Ignition of the 3011 Squib -is

12.47T.2 z1 end the avewaig, charge veight io .052k~ gas per squib (Table U).
. is iwrea• e In Tol1 ins not the actual volm* of gases produce&L by the
igmition of the squib. Tables 13l am& I7 indicate that' the oxnen of the air
in the bomb also takes part in the reaction. The increae in Tol=3 in usb
in this report princlpally to Indoiate the pressur developed, by the preduots of
the squib.

Tlhe calculted rezd ewtper'inntal values for the beat of reaction
are sahoit under PoAMt~t3, The eaa.ul.stea. values for flm t=n;oemt~o WA heat
*vol-7ed, ]per' mole of g3 are based• on the calculate& beat of r'eaction. Th~e enoro
1:=ntsa valueis for fln temperature em& boat evolveaL per =ole of' ga are baao&on the Merr - eantaa. heat of reaetionu

To calculate the ho.t of reaction a knovlodge of ths proauot3 of
roaction an w).l, as a ]o,.tole of the heat of for--atton of oaoh product rorrMa,)
it nocaoaofr7 viz-A U f ])red - :.5lf ro"ac U 4 vhara (An)

COMrI DEr'ITIAL.L
• ;CCUJh~lY IPOIM'AU MM'h~
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DiWcusaifo of Results (cosat)

is the heat of rvsicti~. An enalnysis of the solid residue of the "Mbod.ifled"
X1 S8quib after reaction inicates the rnesence of lead oiep poteastms
ohlorld, eind sulfur wall as unreactel carbon. 2he p6ae formed In the
reaction of each squib charge ae shown In Tble V. MW total "oU of
reaction for eaoh squib are desribond by the ohemical reactions in Tables ZX
azd IT. Mwe mimi. aboye each substance l•iicate the Veight In p" of that
substa•ce taking part in the reaction. Me numerals below the equation rere-
sent the equIvalent vsigtsr. it vme ssumse that the solid products of the MIOA
Squib consisted entirely of nuneacted. carbon ad. potassiux chloride. Mw heat of
formation of the product of ignition are shown in Table VI. Detail for oalcU
lating the heat of reaction are shown In Appendli I.

In Tables M an& IV It is note& that carbon d4ioxide is foamed
rather than carbon onox . Tlhis is not iaual In amen deficient sstems
such as exist in the c0MOSItion of each squibo. Pata. MA. Koffman
(Ref B), J. Corner (Ref C, M-rrs an& Th (Ref D) and others report siilamr
observations. PatM an& Soffmn discuss the reaction of carbon And po0t&08IU
chlzrte. J. corne shows that lov tampratures d. preosUe aNvor the foaution
of carbon d&iode. Morrim an Thins sbcv that the r Md Ats of modern eaplosivts
consist almost uniquely cf carbon dioxidee, vater, a& nitrogen vith the possible
formation of carbon =mn.de an& hydrogen in oygen deficient system such as ex-
tst in the two squibs st•,.ed. Sam carbon dioxide ig fozred by the reaction of
the carbon of the squib charge AM oxen of the atmosphere. The latter iewoton
in shown as the final reaction in Tables 31 and IT. fTe extent to Vhioh the
oxygen of the air vili react vith a reactant of a squib charge, when this charge
is embeddle •n an igniter, in not known.

he last two reactions for thr MLA1 Squib (Table IT) Inolving theo
dissooiation of ater am& the oxidation of carbon may be combined. It li doubt-
fdi that so large a percentage of vater would dissociate at the relativel7 low
flame temperature, which Is asumaedL to be the maulz= temperature of the reaction.
It .s possible however tbat carbon reacts directly with the water to yield hdro-
gen. It is also probable that carbon mauozide formed will react with water to
give oarbon &ioxid. and h7drogno. This is the water gas reaction, Tiz CO . 120 2

Co2 / p. The overall effeot, however, on the heat of reaction and the flame
temperature is the same as if the carbua reacted directly with the vater.

Mw heats of for-ation shown in Table VI are taken from Biohowsk7
and Rossini (Rof 3) 'With the exception cf nitroatvrch and aliazoatnitrophenol.

The heat of formation of aiazo~inttmophenol is not listed in the
literature. It was derlved thereforo fro= the heat of ocnbuztio) of this core-
pourA vhich Vas deter-dn*4 in these laboratories and is 3.2 x 105 oaila/g. This
valuj ahoul& not be tak=n a abooluts haovver due to the ln3tnbility of &iazcii-
nitrophcnol. Th3 ohaaical reaction for the heat of combusbioe ray be vritton as

c6ILT,nko5 / 4o2 yCO, (a) I mino (i) / nnb. Th, llia!t of formation of iliazoai-

nLtroplinaol (-41rf 0I: t.' ob9ttn3,d fr•o ths oewalton:

IL

COR NFoI ?#A TI;1 L
'•icu•eirI I IIF('flIJA rU'e



CONFIDENTIAL
i|CUMIt ID(VORMATION

BIGsousBoO of Results (ocntd)

a6a C02 /1tIi -Alf U&, 0-410 -4L bor. (-A ) o ith host of onstion
of azwcdUintbswoheL. 2te heat of formation of dias int1ophenao. d•eive,
frM the above equation is -4 kbam/mole. The neative sign Indiates t4,
heat Is absorbed.

)he heat of formation of nirostarch is reported by rtholset
(Rpf.. Batholet 's fornxla for nita'ostarch is 06%04j (mý). 2hic Indicates.

& 6.S%-zaitegun content so, omawo& to the 122.70 nitrosen content of then1do'traoh In the I3C1£ Siuib. Zt vas therefore decidse to us the mm heot
or fMVowton far n•trostach (22.rJ% nitrogen content) as for cellulose nitrate
(_.2.66% xitraen cietent) hich Is reported by Jessup and Pomen (ari N). The
ea of -for cotton and voodL celluls, reported by Jessup ad ProsmnIs i426.0 an IM ~72.8 oals/gz respeotivel*. -T2 heat of combustion of potato,starch dstwlned, by the PicatIn Arsenal %aboratoeris is "16 0.1 5/Iga. It

is eviaeft therefore that the heats of oecbustin of the two oenpounms are
-actic&12 Identical. Mich noleule Oontainu the sa nmaber o bat n, cwen

and hydr0on a*, and each yiela.the mom products on oombustion. The heat offeozmtlcn of eeunlose, arnd stm are th~rm-W SAs to be 'equal.

me effect of the functional grop on the therml -rop.rties of amolecule 2= been studio& by nstlaUmk (Ref 1) and Sp a and Robert
M(hf 4). Thi eeffect is klic evident In the ociati.ons obf 1harech (Rof X),

Arthu,. Little (Hof Q) a3 nrous other. . AIL of the above references
Inlonte that the. Introduction of a functional gro (altr-o grop, minw o group,

eto) In a molcule•,will changi the heat of conbustion an also the heat 'of for-
mation of that molecule. It is also seen that the change prod~uce is character-
1stic of the groupingi, an. is a constant for anW p-ticula grouping.

Il Ve therefore represent the starch aM cellulose molecules as•Oan& RSMWOK respootives], an thesemnolecles ae" nitrated to the sma degree,
the two y be identified, as RM :LO R'"Mo 2. It has ben shown that the heat
of carution o RK an& RIOK are eqLual. -The au1zstItution of iLentical groupings
viii therefore cause similar variations in the heat of foaution of each molecule
aSM the resultant nitrated molecules vo'ld halve similar heats of formation. Me
heat of forntion of nitrostarch is there'cere •qU•a to the heat of formation of
nltrocelluloao of similar nitrate content. MThs value is 168.9 keal/mole, or
617 cal/sm (Ref 11).

Using the heats of for-.ation shown in Tble V1 ar the reactions
of Tablas MI aM IT, the coalculted, host of reaction for the 1=Al Squib is
71.805 13b/13quib -arM for' the *Iflodif led." Squib Is ý80 cal,/nquib.

The eperi-i=nntil heat of reaction vas deteruinod, for the ".'5dfioo."
ULU. Z4uib Chg6e oi=r* oc s of ths ":!o&.ficd.7" T6L Co=osition vas avaiLablo.
Vh3 charý, of the MU., Cluib vua not aai•Labl, hoverer cM th3 stpor i.ntal hoat
of r-c~tion 3 daotor-inad uiira the ccplats squib. The z.thc& omp1oyl & 13
4itcuzyoa uzlar "!pzri -ntal Prooo&uro". Thq aCroonont bet-womn the oxpari e ntal
wul c lculato4 heat of roaotton for th1CL S quib In quite soc& 71.86 call/:iquib

CONIFID, ZITIAL
• ;tCtl;?l t IN110,l14k tl ,14
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Disousel ato eswults (oont4)

incapav to 73. camlsquib. 9w seamt hetwea th* oqewieuatL O.
Caluvsatei. w tar ftim OwbirfluA UuL b Is also AGOU~ 46 &0
squib CaqwV tu %.03 oais/xqutbj, vhs. it is **=o m&~e that tho ocotitunt

at.Us spe dw YUVM7 AMM Or wI~ O&1IMM avwl. ~rs~ a" t0a the sq.
VU"e .hawp M hm bams &Mfr a Aiffwenft lot ftm that fatvl in s thRiub.

~~w~inta UW wuWa. vzeCWTiOGu to OcUINUt 39-09411 (as shoam *~As
70, mre M).

of thoiwe praofsa reaotias pIlu the heat evolrei. in Gana"e of ftate v=9s set
Ow"e3 t4 he heat of vematlicu i, .s

A Ig is the heat aheoarh& for a ohazig Of state

x Is the mmez' of produiota

a is the nmber of Sol"e

3A the m3A~r heat apso:LV t~y the 2APod+

Me heat capeotlies fr SU the prodmct are listed. In Table VII. Reat O&p=ci-
ties fo. alJ comVOunds wi~th the ecoeptlon of gulf= ean potassims chloride are
taken ftm the 1±stimem in 0lsaatmea (Ref X).

(Awt Ian&0) es~pectiv.2l'. To evaluate Usie entbalpy change for phase chazkges
the folio"in data, taken frcm "Selectzed Valles Of Therma8~nam10 PrOpertlos
(Pat P) WI w I V eld.

K El ) -1El() O450K 9.

(laC) -1El I.4l t 50Z 6.1.

- E(1)-~ EI8 680or 38.8

a~3-j (0- t .~293

3 M1) - 3 (r.) 01 7.o 2.

1.3
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2W. vaiwe of 436 11910ate the heat fbsorbe In bnhom~Uo ad a* 1P, £ 6

to d.tesin.te UShoist content of a as bsuen tF. t11e1Staow
It Is in"60027 minl t* Iate0ate the 61~ta lima In U VMl YZZ Jsr.-
mod the beat 404010W for' 31 aol.. Of )kios 1s U(6."O / OOM09). WWte

22

/25.160 aF 4.5o (w-2o8.a) i oz2 -~ gs- e

a is the.uber at nous of Urao

"ho tozts equatimn we s&MM in A~ppu31I MI

~1gthe Xpiesoe~i sobMan sor the chaue In beat acatent of 4
th5.t profai~ts can be fatm& as a fmwtion of I -1 1 tore. Bduug the¶ heat contents of the I 1ivIaal, remotion prclmota givue the total. Chang 1S3

eathalM. raa~sftlORA I (which is equal to-4 % OL "A I) is Platted. qasat
7 tqaea~wbr asilming vow o= vabies to T amd, caioulaurag.41L 2he flawa teupbm-

&:tve ocawWWWc~ns to the heat at reaction of the squib in obtalind direotly
ftmu 110"se I " 11. MWema=u cand loulatel f"Ma t.eatur" of tke
WAU 8qub ae 38&"0 an M~f l8dPGG+-LV*3T. Me, WMerftltssal &Alc08,20tedU
fy1fi SIE%=eaes for ths 0W~fIW& K=3 Squib are 29?Z-f and ,1000. It is-
Seen therefore that the flume tomerattwe of the *'iodilfee. 3(1 Bqidb Inso"er
than l=*OK Weater than the flame tenverat"i of the 30*1 8qub. Xn Figure 1p
the vaLue 3.82 is the correction for the beat of vaporization of vater saed L.56
is the Ocorretion for the heat of fusion of potassium *2.orIda. In 7PItwe 11
the VULUe .26 is the correction for the het of vaporization of sulfur, M2. to
the omwection for the heat of fusion of lead, oxid,, an& 3. to the correction
fo~r the best of fualon of potassium ahioride.

7. Av=Iwsnal. of Proertlos:

In rafioving the results it to seen that the gas ToLu&e, vh~ch in
aMninlcation of the preenure produced. by the aquibe, in 1.5 times larger for
the ItlAl Squib thani for the 'Modifled,' IMA3. Squib. At the respective flame
tenpertt--2,* havevTarp the voiU=:,p arud.' onoequeatly the pr*33wue of the soaned of
'both aquib-3 vouljlba ap c-oi~taly the, -4= 7he aff~ot Of pressure per as on~
Ignition ij Unicaoun. 4sart (fl1,f (Q) haa ahowni that nitroaezi Icai&s will detonate

CONFIDENTIAL
*;tcuISrY IMVOilMArTION
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mde 3CO atmomphves ymossure. gIa is tat an Isclate. cam** A ams u~w
3w iime V=12 t*Ucw a poath 10"et vosltetome In craw to weape. -I U614
A-* 23k Povdw Sa 0Wab s, th vSibs, we esuI~o consists at mmLU orsims aad

mytbuwmor be aesoribed. Am umomomm as tb.var mv C hanls at .sq.
b.em %heow amS 0 t 17SWCU,= t mas theor. tuat tho mm21 otuBt~ty

*Of 6141 e ve qs 1wm otiy e sqhib apI) l esmae beobwe the Ia lof at U Amach
PONW- It Is Walo aft tO se0130 that OW Waft of bleak poute 1a Itslf quit.

W 2 st thowfe evident that the prams develoape 1W thie oine" ofCr;I~fU be eUcak2y "413PSited.. O. Wwresm vv"l be effctive bcvem* It minute ps babbls Vwsr occoaWin lthe, purtiolm at black powdo, ad. th
po~nN siasl sm anImpenabl. solid muma. Mw Prommove odlid. vooud cal-

=19s.1 these bchbl ss .iabatic&Uy Me comprosoun Would fba a hot spot In theMlc poowe =& 34Iticn woull. be efeted..Ow "eMMUwSUM at @@claw. on
babble is fully~ discussed. by Dowdms sn& MDM (Hot A). -RV an the1q9

t~wauieruesalm woul be Gerival from the faozma. Tg a T3.~~l

lhcae !%is usthe fMI te , T1 the Iit"aL tdow"WtWe, PhUs fimal
it ovve p1 am l~tu Prsmj am is the watlo, of upeolftl o het. Bova=

SO fTeW have alO shwn that the amproximts, zlnft cooesslom votio =Bt be
appr~~tel 0sl. It Initial prosswe is &twm~spher. befrwo idnititn am be 4

It has been shown thAt the heat or raowti ou igreater 1br the 30.1
Iquibo ahim for'fthe %I eau mm.1 Bqulb. fte host af reacetion by its.lf bashowevew little 8160ifioume ft.= the staznpoat of Idpitiou. lest Intgnsitq
Ise ivtauto It ve cciain the heat of reaction vith the noles of gas WW=od~uwe obtain .zpewlinatal va~mae of 26.o5 knul/moIu for the w~i 8tvlb caqprod
wi~th vk.oika1. tcb rc the *WdIftee M~AL pqmb (2hUble XX). Mwe hemat Ver
*10 of am In a bettar mommire at het ao=:mb'ttio than the heat of roastlon

ft* estiMMtio ofr the fti taMpezturo n LU icc .. AUM n IZ~Ioate
thtteprodUt or the '~d.iftee 31MA Squib attain a toemprto'e 10000K

"bijiff 'than'the products of the K=l Squib. Toollmzon (Rat C~ g1ves the Iistun-teanous eplosiam natmprtwu of black palle' "s 7830K. It 1if tharefot's apparent
frc= yluree I and n that o-t~iw soib can 4iguto the black powder. Mih e.zplw-
Ion tompow-siae hawevez IMOreasse as the tlaw of contact of the black povdar wIth
the Igniter. d~ecreases. It is .mioant therefore thst the mach higher flaa
temWerAture attained by the Vroduct3 of reawtion cf the "'IbuIt~e4m 30AI Squib 0
(2925Coz) a" -a nixh bottar chance of iguiting the N18 charge of Black Pavdoerp
than the products of the XMIl Squib vhlch reaches a t eavature lOO'*' lema than
the "1!c&ifloe XLIl Squib (187OXZ).

A furthor axzaly~ii of tho roactions aboum In !Tablas 371 =A IV Ind~icatos
tha te nl cli r~iu*ofth* t1JUL.Cub1 poto~ai,1u chlorde vihoera3 theo

BOtA lo7ad Oxi~d. dM& atlf-ur ar-i oolidi at roosa tomrI3raturo. At the flame tompara1turo
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aoussion at Results COMWtL
it is lkei' that the a"11 residues of each seuib =W be either pertis&iW
solid. ,i"Usd cc ON*=&u paticles. 20"5 pvetisl.@ Vill however Znwt
to aso= or parvas a liquid. state, on oontsact with watt~r at ambient too-

Vurase such am the smrro~tUg powder of the iWatea. ohe total "weigt
it so~ld sater fvam the ft6dilfi.I 5.41 squib is .0~3M sp *6 re with
.030~66s for the 3MI. ftuib. It Is probable that these solids affecot Uhe
11t+im properties of the @qubs. A mess Inthe so~lld mstte at muw given

--- booae m GOOaatWW a given amount of heat Into a muoh Mauerw V02=2
thmai n equivaleat at"s in the gaseous Mato. It Is tbaretwe aypuaren that
in t*is respect the *XM W 1~a M AL. Squb has a better chance, of Igniting6
the NIB Igiter.

Mwe p~asnce of solid. resi4dzes W bel comared, to the presence of
the drit VGrticles In 9vw~s= refers&d to Wr Bowden =& Toff (Bef A). Zbee
intdhga have show tas* the presene of such paticles bus a l4±rect Iznf!1suee
an the igntion of a powder. It is shown that it these Wit particles att~ala
hig& eusuh t nsoto es they wiL2. isdi2,T initate, an explaslon.

ame reactions listad. In MWb IT Indicate, tVat oeof the products
atreaction or the 5.41 Squib is vatero No water Is fordal In the reaction

produts of the ORK&Iified" 30*1. 8pub. It is possible that tlus water vapor
wam.d In t*e reaction would. condens an contact with the powder to be

ignitad "&d MIgt reduce the effeotIvemas of the 30.41 8squb in Iaitln
that powder.

goe iriidlfua1 Awa~rties of each squib have been disaussed. ami
c10PMwLS SOu oumulative effect or these, properties Is believed however to
be the most uvotant. Thus the hoat of reactio n L itself is not too sig--
=1ficent,v but the heat or reaction coublued, with a kovledge of the physical
state 4An quantity of products Is sigmificant. The fruotion of the squib Is
to IWate a black povdar charge (.MB Igniter). Maere are warious manna by
16hic, ignition SLY be affected. If It in ass'in&. that ignition takes place
by the contact of the hot partic les of reaction with the black powtel until.
the black powder reaches its ignition *eeaue it ts evident that the
products of the *"oIfied. 30.A2 Squib,, vhich a~ttan a, VMch higher tesperature
avA consist of a peatzr quantity, of solid. particlos, can emit mare heat in
& nure ccooentzstell area. The concentration of enwv'y is all. izportant. This
Is in Accord. with the work doae by Bovden-azhI ?offe 511ef A).

8.To determine the Lps vol~a of the individual aqau,3 each squib vans
firs&. In a 44J al bomb in one atoaarhore of air and th* gaaos fort~d were
Measured Ini an eud~ic.~tor. This supply of "!!odif led" MA Squibs vas limiteq
horsver, eMA It u mi thoryforo racoossry to use 15 equiba3 to obtain an avora~a
SU V01i=4 dtor~inatioa.
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&iecuaeiOn offum ULMt 60,itA)
ring uimataaecUNU in a 3w8 at ~mv a bb. soi an" foameD wme AMLgi
by amm of an eat tooe apjwattu, with the sicePtia Of min~w "01" a
which ve Utewalmta by bahb~lM ~ th* oughcqf AS 16im 002UUMc iui. t-ftaticg fte =w"s mauo vim #ul sUmtuLafato.

10. h~ h at o reectic orfthe %wDinsea n z cwme *ae eterul'ae
meUg M atmktqhu I of Ia air =a eamM1r fbU.lagl the 3900hem usa to
detesulux beat of acmua~ti. "a ezfwi v Me& - oewt 1M as

so.3 m poseible th* OoM4oUM wess In ffrirg the lMiwvlz1 Stuibes,
i~e, lolig tiwof apprmImtel~ 0.00O32 aw/oap. mfi ohwg. &rM

Use MAL Sub V44 not wayallab. Zu crier to 4*teraln tbe heat Of reectOn
it Vags thmw.j~w XWOGM7 to f12re -4-e squibs =1atmp3~ to deteamune
U9e heat eqeity or Vw cewimets withL the sqipba. This vwa accWl±She

by p~misiu the nine :r- a qulbe in thoeaolarinster boaket aid dete2lafr
the vate eqiodvalmt of "h~ ealcuimeter with bsnuoio sa04.

'a. mhung tests have shown that the %&=Wst GAIL Iqub ts a eW
eUIoimt i~Urie than the wtlinr MAIi Gqmb. It Is belvet ~tb+ the

asate floim7 or the %iif~ste KMi Squib amy be puft&al 137 8121s& * *
by th. fbolwimg factaras.

* a. The Wmater quantity of ~O*U& 3wo-mots frcnwa b7 the "action
of the "X*G.ISee IMLI 8Iqub can effect a ==Oe lntI~tG =Au cancanbtevAd
aontaot.wjthL the Ieaiter. Mhe wa~ter vpor foz=&i by the WAIt &jUib mO lt-
fae withL Its panitloL effOLeOWy.a

b. !&* f lae te'aw'aftw of the. Xroducts of reaction, Of the
wJboiflee1 MMi Squib Is apyro~zantely l=-XOO"hbe than that of the iaMi
gqtib.

o.Aithcýg the heat of reaction of the "Mod~ifier )O.A1 Sjuib In
lovr tanthat of the XLA1 Squib., the heat evolve&. per nole of G"a for the

tOzuer Is more than three times the valu, for the latter.

It. l~e vreeea devoloped by the products of 01thevr 8AqID appeArsto have a zDer-lable effect on ignition.

12.* It Ia bellieae that the cuilIatI'ge effect of those properties in
-the basis of the greator Ignition offlcolncy of the %!dlfIod," %0 A' Squib.

13. In vixtof i tha faot that trinW fatota±r~a w nfluormo ignition It io
r0cr-fla4.a that a mora ccmplota. atuaj ba r-aa to f Lrj out tha air-gutlr arA

cu~ai.iay alfaot of each pa W~~~r on i~mition. Thia IIouLA i1ua i atuly of

17
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00tOMS6an (oasat) -V.la ls---awphtatrmtatM
a& gmmw t "" MLU01 wftein tg"~, hou " of igmtioa

A - SWmsn e oM Y ftnulam1at =aeM nw ~ait ofthpl-ev in Z4(tUft-sn
EO&I*, 14p u~vnws F~ hes IM5

3. f*m1 GUI Atmap *JACWSTol 72,. V 5M9

o -. Oms, *2eo9 Ot 'the Intawlar hfLlstIcs of Gums, J. Wiley & bar,

3 brIsI aei ftcom - Par it~~ji ~z of 3tIwntio - Research
~wl~mst5 Xaon V 3, p .2M(91)

It - Zlohcovculq Uzi., &et14%am~omhminstM Of 0WRIce1 Oabstsam., Rsinbo2L
lublghrag Omas, Mo Yvk# M96

7 Vl11ANKA4 IPeattW Aamal Tochnical bepwb 171.0, Ohfra.týe or Xqd*"lvm
- Ot MIL~tS7 Mhterftv* *

* Dtho1t0,% wXWoe~vws eid Ue Prn' 3882

3 - J0e6m* aga Wwoeent 03ste or Caointioa ava Iowmtia at Conauloe an&
* Lltiooefluloue, m' .2086, Tol. Wh.~ Agria 195 wat~oma1 zuvc of staziazt

x - ~ OWta~u~ 702 July 191.2

3- ftv5pzU~g amd Robwfta AMTW. Ministr of aqp~ Givt Britain

X - Muhazeh US%1=032 D=Wm of l3mndards Towmal of Reherch, p 1i27, IM2
L - Arthur D. Little,, 'eport oc the study of ~ 3hpooulve Cc~poiu=u, Parts

1j, -$ 3= Z 191.7-I95O

M - Glaaat=*., 'azdm~vzraics for Charistnn, Van NoeraM& Co. 1947T

N~~81y - ieContzibutio*nm to the ])at& om Mieoretical 2I~tafl±1ry Yfl.
The Thor 41r~m~o ProPertieS of SulfurwAM its Inoarmi~c Cmipound.
U. a. Blureaug of IJlnoa

10 - Ibid. 31 Nigh T--Mpratur. Spoolfic float Equation3 for L=Snoric Subat*ancon

P - WN-= waclOoctod Vailuaa of Thor-cdjr-=ic Proportioa", Circui= 500, 1952

q - Z~-,..rt J. 10921 Z M.ootrochca 27,, 5I47
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31 S awi casuatb

(-ax1 saht of nedbtu.. (I. sa meac, 290*)

('AK) Im uat of )b ntc (3. ata prue,p g5%)

A316 * t abscrbe in eWiM f~racm stats to anotbi

U Imoasoms:
1- 2 --7UPL-" I aS. 3

umb~ I tbntfýl ltn
10-n1 - A.PMia I aX Um
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maIt &a.. a" gTe v. (IQ) or 5 aa*&Mt' mmu. t~u~

wowI m a. a Tobm(1 *1 ls. (4) -

.0578 1~~0.0 * L ~

.01 0.0 12 t.44
10.6 LB3.21

.2.6.8 tO0 4.00

.06 8.2 .. 36
.0536 30.1 1.3 1.69
.0365 1O 1. 3.2V

.030 8.0 9

.0"10.0 I

Staudci deviation of the uma n

n:so. or saaus
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Mebt- tN) ma. a" Vol=e (a) ot 50WA2 Saudbs

OSSdk GI 0= (.1. bflatlo fra Avcaes
(si)0% an& To0 a a"To(a)

-Ai

9* 31A 196%

0%92U8 .6 .36
.016 22A *3 009

9.03.3a14

AM3 32.8 A1 .26
.0381 14.0~ 1.6 2.56
-.053 23A. .8 .05
.0322 22.5 .9 .83.

.031 1.9 .5.2
.0%i, 3~2.3 1.2

.0652 17.0 k.6
.060 ~ 32.2 .2 0
.05k.3 13.9 1.5 2.915

.051U-33 .9 A81

.0N1.8 .6 .36
.05W ML4~ .0 .10
AM5 11.2 1.8 32
.001. 33.5 1.1 21
Aos8 12.4. .0 .0
.0632 212.3 .1 sol
.0303 12.3 .1 .01
.0"h 1.2.2 .2.0

30M 2.7 .3 .09
.0583 12.9.2
.0473 U.4. 1.01
.0"214 12.3 .1 .01
.0%183 10.6 1.8 3.2!&

* .0533 12.6 .2 .04
.6515.1 2*7 7.29

.051-n 14.4 2.0 4.0
* .51 33.0 .6 .36

.05C2 1.0.9 1.5 2.73
1530 i)&.o 1..6 2,5u

..e u 1 .,4o 0 1 krIA
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no. nz (400")

@ow Tots2= (At) bfiatla from AMNnpO
=d 760_ afitsdT~oa)

.010.8 L.6 2.56
U.3 Li1 LI0.

ms35.6 LI i"

Aes4 aA0 0
Am3 22.7 .3 .09

aft1 LL c1A.068

Usc&ar beyistla or t&. Msun .23.
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